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Abstract
Background: Morbid obesity presents a challenge in providing standard treatment in
endometrial cancer (EC). We aim to evaluate the impact of morbid obesity on treatment
and survival outcomes in women with EC.Methods: Patients diagnosed with EC from
2005–2015 were stratified by body mass index (BMI ≥40 kg/m2 vs. <40 kg/m2) and
low risk (LR) and high risk (HR) subgroups based on stage, grade, myometrial invasion
and histology. Demographics, tumor characteristics and treatment-related outcomes
were analyzed. Univariate, multivariable and propensity-weighted Cox models were
used to evaluate progression free survival (PFS) and overall survival (OS). Results: Of
1778 evaluable patients, those with BMI ≥40 kg/m2 were significantly younger, more
likely endometrioid histology, lower grade, earlier stage, myometrial invasion <50%
and absent lymph-vascular space invasion (LVSI). A similar proportion of patients with
BMI <40 and ≥40 kg/m2 in LR and HR groups received radiation and chemotherapy.
However, morbidly obese patients were less likely to undergo lymphadenectomy in both
risk groups (p = 0.012 and p = 0.009, respectively). On propensity-weighted analysis,
there was no significant difference in PFS or OS between patients with BMI <40 and
≥40 kg/m2 (HR 0.89, 95% CI (confidence interval) (0.60, 1.30) and HR 0.74, 95%
CI (0.49, 1.12) respectively). Conclusions: Morbid obesity is associated with favorable
prognostic factors in EC patients. When stratified by risk group, morbidly obese patients
receive similar postoperative treatment but are less likely to undergo lymphadenectomy.
PFS andOS are similar between patients with BMI<40 and≥40 kg/m2 when risk groups
and propensity score matching are considered.
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1. Introduction

Obesity, defined as a body mass index greater than 30 kg/m2,
is a major public health concern, with over one-third of United
States adults categorized as obese, and a doubling of obesity
rates world-wide in the last thirty years [1, 2]. Obesity is a
well-known risk factor for endometrial cancer. There is an
increase in relative risk for endometrial cancer of 60% per 5
kg/m2 higher body mass index or BMI [3–5]. Endometrial
cancer cases have drastically increased over the last decades
in parallel with the rise in obesity with an approximate 1%
increase per year over the last 10 years. Additionally, an
increase in endometrial cancer death rate by an average of
1.5% each year has been observed [6]. While obesity has
clearly been associated with increased risk of development
of endometrial cancer, data assessing the impact of morbid
obesity on survival outcomes are conflicting.

Several studies have found an inverse correlation between
obesity and survival. Systematic reviews and meta-analyses
show higher odds of all-cause mortality with increasing BMI

in endometrial cancer patients. For example, Secord et al. [7]
indicated that a 10% increase in BMI resulted in a 9.2% in-
crease in the likelihood of all-cause mortality. Von Gruenigen
et al. [8] found that an incremental increase in BMI was asso-
ciated with increased likelihood of mortality, with the highest
mortality rate in the BMI ≥40 kg/m2 group [4, 7–10]. In
contrast, other studies have found no effect or even a favorable
prognosis in obese endometrial cancer patients, presumably
due to presence of clinical markers of less aggressive disease
[11–15]. A study by Van Arsdale found that obesity (BMI>35
kg/m2) is associated with improved disease-specific survival,
particularly in patients with advanced non-endometrioid type
endometrial cancers [15].

While data on survival outcomes for obese patients with EC
are contradictory, clinical challenges are often encountered in
the treatment of medically higher risk morbidly obese patients,
which leads to concerns regarding adverse effects of obesity
in cancer care. Obesity is known to be associated with many
adverse health complications, including type 2 diabetes, hy-
pertension, heart disease and stroke, which are primary drivers
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of worse overall survival in this patient population. Other
hypotheses regarding adverse effects in treatment include sur-
gical morbidity, altered pharmacokinetics with chemother-
apy dosing, and decreased efficacy with staging procedures
leading to under-treatment of occult advanced disease [16–
19]. Although early stage endometrial cancer generally has
an excellent prognosis, with a 5-year survival of over 80% for
all-comers and 95% for localized disease [6], it is unclear how
survival is impacted by suboptimal surgical treatment, staging
and adjuvant therapy. In this study, we evaluate the impact of
morbid obesity on surgical and disease-specific outcomes and
adjuvant treatment use in women with low risk and high-risk
endometrial cancer.

2. Materials and methods

All patients diagnosed with endometrial carcinoma treated
at the Cleveland Clinic from 01 January 2005 through 30
December 2015 were retrospectively reviewed after approval
obtained from the Institutional Review Board. All patients
were included regardless of treatment received. Nonsurgical
patients were included given concern that morbidly obese
patients may be treated with discrepant nonsurgical therapy
to avoid increased operative risk. Patients were stratified
by BMI (control group <40 kg/m2 or morbidly obese group
≥40 kg/m2). Associations between treatment provided and
survival outcomes were assessed in low risk and high-risk
subgroups. Risk groups were defined as (1) low risk (LR)
meeting all four following criteria: stage 1–2, low or moderate
grade, <50% myometrial invasion and endometrioid type,
and (2) high risk (HR) meeting at least one of the following
criteria: stage 3–4, high grade, ≥50% myometrial invasion or
non-endometrioid type. Stage and myometrial invasion were
obtained from our institutional database and were individually
verified via pathology reports for dates 01 January 2008 to
01 January 2011 to account for change in FIGO (Interna-
tional Federation of Gynecology and Oncology) staging in
2009. Demographic and pathologic variables were evaluated
including age at diagnosis, race, primary payer at diagnosis,
histology, grade, any lymph-vascular space invasion (LVSI),
and tumor size. Treatment variables including surgery (defined
as at least hysterectomy with or without bilateral salpingo-
oophorectomy), performance of lymphadenectomy and receipt
of adjuvant chemotherapy or radiation therapy were collected.
All variables were compared between control and morbidly
obese patients overall and after stratification into LR and HR
groups. Progression free survival (PFS) and overall survival
(OS) outcomes were reported.
Statistical analysis incorporated Pearson chi-square test or

Fisher’s exact test for categorical factors, and two-sample t-test
or Wilcoxon rank sum test for continuous factors. For survival
analysis, starting dates were set to be the diagnosis date. For
progression free survival, those patients that never achieved
remission were set to have the event at day zero. Survival
year was defined as 365.25 days, and both PFS and OS were
censored at 6 years. Cox proportional hazards regression
right-censored univariate and multivariable models were fit for
PFS and OS. Kaplan-Meier survival curves were created for
both risk subgroups. Furthermore, propensity analysis with

inverse probability of treatment weighting was performed to
estimate the average causal effect ofmorbid obesity on survival
compared to the control (i.e., Average Treatment Effects on the
Treated (ATT), in which we regarded morbidly obese group
as the treated). The propensity model included demographics
and treatment variables, which included age, race, insurance
status, grade, stage, treatment and risk group. Propensity-
weighted Cox models using ATT weights were performed for
PFS and OS. We planned to additionally control any variables
that had propensity-weighted standardized mean differences
exceeding 0.25 or 0.10 with absolute differences above 0.05.
All analyses were done using SAS (version 9.4, The SAS
Institute, Cary, NC, USA) and a p < 0.05 was considered
statistically significant.

3. Results

Of 2394 patients assessed for eligibility, 1778 patients were in-
cluded in the study. Reasons for exclusion were: final pathol-
ogy diagnosis of endometrial hyperplasia, unknown BMI or
incomplete data (Fig. 1). Of the 1778 patients included in the
study, 1331 (74.9%) had a BMI <40 kg/m2 and 447 (25.1%)
were ≥40 kg/m2. Patients with BMI ≥40 kg/m2 were signif-
icantly younger (58.9 ± 10 vs. 64.2 ± 11 years, p < 0.001),
more likely to have endometrioid histology (77.6% vs. 66.9%,
p < 0.001), lower FIGO grade (52.6% vs. 37.9% grade 1, p
< 0.001), earlier stage (77.4% vs. 66.4% stage 1, p < 0.001),
myometrial invasion <50% (66% vs. 50.1%, p < 0.001) and
absent LVSI (48.5% vs. 39.1%, p < 0.001). Patients in both
BMI groups (≥40 kg/m2 and<40 kg/m2) underwent surgery in
nearly all cases (96.4% vs. 96.8%), and the remaining patients
underwent non-surgical treatment. However, morbidly obese
patients were significantly less likely to undergo lymphadenec-
tomy (43.6% vs. 60%, p < 0.001). Treatment modalities dif-
fered between groups, with morbidly obese patients receiving
less radiation therapy (31.5% vs. 43.5%, p < 0.001), and less
chemotherapy (22.4% vs. 31.3%, p < 0.001) (Table 1).
When stratified by risk group, patients with BMI≥40 kg/m2

comprised 32.6% of LR risk group, and were more likely to
be younger (57.5 ± 9.5 vs. 61.4 ± 10.9 years, p < 0.001),
of African American race (10.3% vs. 4.4%, p = 0.003),
and uninsured (18.6% vs. 12.8%, p = 0.045). In the LR
group, morbidly obese patients had similar rates of LVSI and
similar tumor size compared to those with BMI <40 kg/m2

(Supplementary Table 1). All patients in the LR group
received surgery. Overall, 37.2% of LR patients underwent
lymphadenectomy. However, compared to patients with BMI
<40 kg/m2, those with BMI ≥40 kg/m2 in the LR group were
significantly less likely to undergo lymphadenectomy (30% vs.
40.7%, p = 0.012). Median number of lymph nodes removed
was similar between groups. The rate of administration of
adjuvant radiation and chemotherapywas similar between both
risk groups (Table 2).
Within the HR group, 19.4% of patients had BMI ≥40

kg/m2. Patients with BMI ≥40 kg/m2 were more likely to
be younger (60.6 ± 10.3 vs. 66 ± 10.9 years, p < 0.001),
though with similar race, insurance status, histology, grade,
stage, myometrial invasion, LVSI status and tumor size to those
with BMI <40 kg/m2 (Supplementary Table 2). Surgery
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FIGURE 1. Cohort selection. Flowchart indicating candidates eligible for study, excluded cases and patients included divided
into BMI < or ≥40 kg/m2, then further divided into low risk and high risk categories. BMI: body mass index.

TABLE 1. Demographic, clinical characteristics and treatment by BMI group.

Factor Total
(N = 1778)

BMI <40 kg/m2

(N = 1331)
BMI ≥40 kg/m2

(N = 447) p-value

Age at diagnosis (yr)* 62.9 ± 11.1 64.2 ± 11.1 58.9 ± 10.0 <0.001a

Race
White 1577 (88.7) 1180 (88.7) 397 (88.8)

0.130d
Black 165 (9.3) 118 (8.9) 47 (10.5)
Asian 11 (0.62) 11 (0.83) 0 (0.00)
American Indian 2 (0.11) 2 (0.15) 0 (0.00)
Other/Unknown 23 (1.30) 20 (1.50) 3 (0.67)

Race*
White 1577 (88.7) 1180 (88.7) 397 (88.8)

0.041cBlack 165 (9.3) 118 (8.9) 47 (10.5)
Other/Unknown 36 (2.00) 33 (2.50) 3 (0.67)

Primary payer at diagnosis*
No insurance/Unknown 260 (14.6) 188 (14.1) 72 (16.1)

0.049c
Medicare/Medicaid/Veterans affairs 638 (35.9) 501 (37.6) 137 (30.6)
Private insurance 767 (43.1) 556 (41.8) 211 (47.2)
Insured, NOS 113 (6.4) 86 (6.5) 27 (6.0)

Risk group*
Low risk 776 (43.6) 523 (39.3) 253 (56.6)

<0.001c
High risk 1002 (56.4) 808 (60.7) 194 (43.4)
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TABLE 1. Continued.

Factor Total
(N = 1778)

BMI <40 kg/m2

(N = 1331)
BMI ≥40 kg/m2

(N = 447) p-value

Histology*
Endometroid 1237 (69.6) 890 (66.9) 347 (77.6)

<0.001cUnknown 76 (4.3) 65 (4.9) 11 (2.5)
Others 465 (26.2) 376 (28.2) 89 (19.9)

Grade of differentiation*
Well differentiated 739 (41.6) 504 (37.9) 235 (52.6)

<0.001cModerately differentiated 466 (26.2) 365 (27.4) 101 (22.6)
Poorly differentiated 573 (32.2) 462 (34.7) 111 (24.8)

FIGO stage
I 1230 (69.2) 884 (66.4) 346 (77.4)

<0.001c
II 115 (6.5) 90 (6.8) 25 (5.6)
III 277 (15.6) 225 (16.9) 52 (11.6)
IV 107 (6.0) 89 (6.7) 18 (4.0)
Unknown 49 (2.8) 43 (3.2) 6 (1.3)

FIGO stage*
I/II 1345 (75.6) 974 (73.2) 371 (83.0)

<0.001cIII/IV 384 (21.6) 314 (23.6) 70 (15.7)
UNK 49 (2.8) 43 (3.2) 6 (1.3)

Myometrial invasion*
<50% 962 (54.1) 667 (50.1) 295 (66.0)

<0.001c≥50% 215 (12.1) 178 (13.4) 37 (8.3)
Unknown 601 (33.8) 486 (36.5) 115 (25.7)

LVSI*
No 738 (41.5) 521 (39.1) 217 (48.5)

<0.001cYes 350 (19.7) 285 (21.4) 65 (14.5)
Unknown 690 (38.8) 525 (39.4) 165 (36.9)

Tumor size*
<2 cm 296 (16.6) 219 (16.5) 77 (17.2)

0.450c≥2 cm 1147 (64.5) 869 (65.3) 278 (62.2)
Unknown 335 (18.8) 243 (18.3) 92 (20.6)

Surgery done (at least hysterectomy)*
No 59 (3.3) 43 (3.2) 16 (3.6) 0.720cYes 1719 (96.7) 1288 (96.8) 431 (96.4)

Lymphadenectomy*
No 745 (41.9) 506 (38.0) 239 (53.5)

<0.001cYes 994 (55.9) 799 (60.0) 195 (43.6)
Unknown 39 (2.2) 26 (2.0) 13 (2.9)

Number of lymph nodes removed** 19.0 [12.0, 27.0] 19.0 [12.0, 27.0] 19.0 [11.0, 27.0] 0.720b
Radiation

None 1058 (59.5) 752 (56.5) 306 (68.5)

<0.001cBrachytherapy only 175 (9.8) 143 (10.7) 32 (7.2)
External beam radiation therapy 456 (25.6) 360 (27.0) 96 (21.5)
Other/Unknown 89 (5.0) 76 (5.7) 13 (2.9)

Any radiation therapy*
No 1058 (59.5) 752 (56.5) 306 (68.5)

<0.001cYes 720 (40.5) 579 (43.5) 141 (31.5)
Chemotherapy*

None/Unknown 1262 (71.0) 915 (68.7) 347 (77.6)
<0.001cYes 516 (29.0) 416 (31.3) 100 (22.4)

*Variable included in the propensity model. **Data not available for all subjects. Missing values: Number of lymph nodes
removed = 784. Statistics presented as Mean± SD, Median [P25, P75], N (column%). p-values: aSatterthwaite t-test, bWilcoxon
Rank Sum test, cPearson’s chi-square test, dFisher’s Exact test. BMI: body mass index; NOS: not otherwise specified; FIGO:
Federation of Gynecology and Obstetrics; UNK: unknown; LVSI: lymphovascular space invasion.
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TABLE 2. Summary of treatment in low risk versus high risk groups by BMI group.
Treatment in low versus high risk subgroups

Low Risk Subgroup^

Factor Total
(N = 776)

BMI <40 kg/m2

(N = 523)
BMI ≥40 kg/m2

(N = 253) p-value

Surgery done (at least hysterectomy)
Yes 776 (100.0) 523 (100.0) 253 (100.0)

Lymphadenectomy
No 474 (61.1) 303 (57.9) 171 (67.6)

0.012cYes 289 (37.2) 213 (40.7) 76 (30.0)
Unknown 13 (1.7) 7 (1.3) 6 (2.4)

Number of lymph nodes removed*
(pelvic and/or paraaortic lymph nodes) 16.0 [9.0, 24.0] 16.0 [9.0, 24.0] 16.5 [8.0, 23.0] 0.650b

Radiation
None 636 (82.0) 420 (80.3) 216 (85.4)

0.110c
Brachytherapy only 52 (6.7) 43 (8.2) 9 (3.6)
External beam radiation therapy 69 (8.9) 47 (9.0) 22 (8.7)
Other/Unknown 19 (2.4) 13 (2.5) 6 (2.4)

Any radiation therapy
No 636 (82.0) 420 (80.3) 216 (85.4)

0.085c
Yes 140 (18.0) 103 (19.7) 37 (14.6)

Chemotherapy
None/Unknown 750 (96.6) 503 (96.2) 247 (97.6)

0.290c
Yes 26 (3.4) 20 (3.8) 6 (2.4)

High Risk Subgroup^^

Factor Total
(N = 1002)

BMI <40 kg/m2

(N = 808)
BMI ≥40 kg/m2

(N = 194) p-value

Surgery done (at least hysterectomy)
No 59 (5.9) 43 (5.3) 16 (8.2)

0.120c
Yes 943 (94.1) 765 (94.7) 178 (91.8)

Lymphadenectomy
No 271 (27.0) 203 (25.1) 68 (35.1)

0.009cYes 705 (70.4) 586 (72.5) 119 (61.3)
Unknown 26 (2.6) 19 (2.4) 7 (3.6)

Number of lymph nodes removed** 20.0 [13.0, 28.0] 19.0 [13.0, 28.0] 21.0 [13.0, 29.0] 0.680b

Radiation
None 422 (42.1) 332 (41.1) 90 (46.4)

0.170c
Brachytherapy only 123 (12.3) 100 (12.4) 23 (11.9)
External beam radiation therapy 387 (38.6) 313 (38.7) 74 (38.1)
Other/Unknown 70 (7.0) 63 (7.8) 7 (3.6)

Any radiation therapy
No 422 (42.1) 332 (41.1) 90 (46.4)

0.180c
Yes 580 (57.9) 476 (58.9) 104 (53.6)

Chemotherapy
None/Unknown 512 (51.1) 412 (51.0) 100 (51.5)

0.890c
Yes 490 (48.9) 396 (49.0) 94 (48.5)

^Low Risk Subgroup: stage 1–2, low or moderate grade, <50% myometrial invasion and endometrioid type. ^^High Risk
Subgroup: stage 3–4, high grade, >50% myometrial invasion, or non-endometrioid type. *Data not available for all subjects.
Missing values: Number of lymph nodes removed = 487. **Data not available for all subjects. Missing values: Number of lymph
nodes removed = 297. Statistics presented as Median [P25, P75], N (column %). p-values: bWilcoxon Rank Sum test, cPearson’s
chi-square test. BMI: body mass index.
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was performed in 94.1% of HR patients, with similar rates
between BMI <40 kg/m2 and ≥40 kg/m2. As with the LR
group, HR patients with BMI ≥40 kg/m2 were significantly
less likely to undergo lymphadenectomy (61.3% vs. 72.5%, p
= 0.009 in HR group; 30% vs. 40.7%, p = 0.012 in LR group).
Number of lymph nodes removed was similar between groups,
and adjuvant radiation and chemotherapywere similar between
both groups (Table 2).
Univariate and multivariable analyses assessing

clinicopathologic variables and treatment effects on survival
were performed (Table 3). On univariate analysis of PFS,
factors associated with decreased PFS included older age (HR:
1.03, p < 0.001), high risk subgroup (HR: 11.8, p < 0.001),
presence of LVSI (HR: 0.88, p < 0.001), and administration
of chemotherapy (HR: 3.81, p < 0.001). On multivariable
analysis, known risk factors of older age, high risk subgroup
and presence of LVSI remained significant, in addition to
improved PFS with performance of lymphadenectomy (HR:
0.59, p < 0.001). On univariate analysis, BMI ≥40 kg/m2

indicated an improved PFS (HR: 0.66, p = 0.008), however,
this was nonsignificant on multivariable analysis (HR: 0.89,
p = 0.49). Adjuvant radiation therapy was found to have a
protective effect on multivariable analysis (HR: 0.52, p <

0.001).
On univariate analysis of OS, factors associated with poorer

overall survival similarly included older age (HR: 1.06, p <

0.001), high risk subgroup (HR: 6.70, p < 0.001), presence of
LVSI (HR: 3.67, p< 0.001), and administration of chemother-
apy (HR: 2.25, p < 0.001) (Table 3). These remained sig-
nificant on multivariable analysis, with performance of lym-
phadenectomy also associated with improved survival (HR:
0.66, p = 0.002). Similar to PFS, univariate analysis for
BMI ≥40 kg/m2 indicated improved OS (HR: 0.51, p <

0.001), however when controlling for confounding factors on
multivariable analysis, BMI ≥40 kg/m2 was not significantly
associated with OS (HR: 0.82, p = 0.25). With Kaplan Meier
survival plot curves, PFS and OS were again similar for BMI
< 40 and ≥40 kg/m2, regardless of risk subgroup (Fig. 2).
Variables in propensity model were well balanced, and no

variable met the criteria to be included as additional covariates
in the final propensity-weighted Cox models (Supplementary
Table 3). Final models show no significant difference in both
PFS (HR: 0.89, 95% CI: 0.60, 1.30, p = 0.54) and OS (HR:
0.74, 95% CI: 0.49, 1.12, p = 0.15) between BMI ≥40 kg/m2

vs. <40 kg/m2 (Table 4).

4. Discussion

Obesity is associated with an increased risk of developing
endometrial cancer, and multiple studies indicate worse out-
comes for morbidly obese endometrial cancer patients as com-
pared to those with normal BMI [1–10]. Clinical challenges
are often encountered in the treatment of medically high-risk
patients including morbidly obese patients, and it is imperative
to evaluate treatment differences and outcomes in this patient
population. In this study, we sought to address whether mor-
bidly obese patients may be receiving substandard care using
a large diverse cohort of endometrial cancer patients at an
academic tertiary referral center. We assessed subgroups of

LR and HR patients to further delineate survival differences in
distinctive risk groups.
When comparing the overall population of morbidly obese

patients to those BMI <40 kg/m2, histopathologic risk factors
and adjuvant treatment significantly differed between patients
<40 and ≥40 kg/m2. Morbidly obese patients’ pathology was
comprised of lower grade, earlier stage, <50% myometrial
invasion, absent LVSI and lower risk histology. This compares
favorably with other studies that similarly found obesity is
associated with less aggressive histopathologic features [11,
12]. We noted that morbidly obese patients were less likely
to undergo adjuvant radiation therapy and chemotherapy. This
finding would initially raise concern that morbidly obese pa-
tients may receive substandard adjuvant therapy compared
to non-obese patients as described in prior studies [20, 21].
However, this difference in radiation and chemotherapy ad-
ministration was not seen when stratifying to LR and HR
groups, suggesting that reported differences in rate of adjuvant
therapy by BMI may be influenced by endometrial cancer risk
group.
Although performance of surgery was found to be similar

overall and between LR and HR subgroups, lymphadenectomy
was undertaken significantly less frequently in the morbidly
obese population both overall as well as in LR and HR subsets.
When lymphadenectomy was performed, the number of lymph
nodes removed in morbidly obese women was similar to non-
obese women for both LR and HR groups, suggesting standard
surgical techniquewas employed regardless of BMI. How lym-
phadenectomy influences endometrial cancer outcomes has
been a topic of ongoing debate in the field. Prospective studies
indicate no survival benefit to lymphadenectomy in early stage,
low risk endometrial cancer patients [22–24]. Retrospective
studies suggest a survival advantage in intermediate to high
risk endometrial cancer patients undergoing complete lym-
phadenectomy [25, 26]. However, it is uncertain how this
translates to outcomes of patients with obesity. In a study
by Wissing, obese patients that were completely staged were
reviewed, and pelvic lymph node positivity was found to be
inversely correlated with BMI, with only 4.9% lymph node in-
volvement in BMI≥40 kg/m2, compared to 18.8% lymph node
involvement in BMI 30–34.9 [27]. This finding could translate
to less utility for lymphadenectomy in obese patients, as we
found no survival benefit in patients with BMI≥40 kg/m2 both
in the low and the high risk subgroup despite decreased lymph
node dissections. However, this finding must be interpreted
with caution when considerations in the management of high
risk patients are made regardless of BMI given these findings
are specific to our study population, and larger studies are
needed to identify the impact of lymphadenectomy on survival
in morbidly obese patients.
Our robust statistical analysis indicates that BMI≥40 kg/m2

vs. <40 kg/m2 does not confer a worse survival when control-
ling for adverse risk factors and treatment difference, which
is in contrast to prior studies that denote a worse survival in
the morbidly obese population [7, 8]. This data is supported
by studies that found a similar or even favorable effect on
prognosis for obese patients with endometrial cancer [11–
15]. Potential differences between our study findings and
other studies include differences in populations studied and
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TABLE 3. Full cohort: univariate and multivariable analyses of survival outcomes for clinicopathologic and treatment
variables.

Survival outcomes in clinicopathologic and treatment groups
Univariate and multivariable analysis—Progression free survival, n = 1573*

Variable PFS events
(n (%))

Univariate hazard ratio
(95% CI)

Univariate
p-value

Multivariable hazard ratio
(95% CI)

Multivariable
p-value

Age at diagnosis (yr) 265 (17%) 1.03 (1.02, 1.04) <0.001 1.0120 (1.0006, 1.0236) 0.039
BMI

BMI <40 kg/m2 217 (18%) Reference - Reference -
BMI ≥40 kg/m2 48 (12%) 0.66 (0.48, 0.90) 0.008 0.89 (0.65, 1.23) 0.490

Risk group
Low risk 19 (3%) Reference - Reference -
High risk 246 (29%) 11.83 (7.42, 18.87) <0.001 9.78 (5.90, 16.20) <0.001

Lymphadenectomy
None/Unknown 116 (16%) Reference - Reference
Yes 149 (17%) 1.03 (0.80, 1.31) 0.840 0.59 (0.46, 0.77) <0.001

LVSI
No 60 (9%)
Yes 100 (32%) 3.88 (2.81, 5.34) <0.001 2.01 (1.43, 2.81) <0.001
Unknown 105 (18%) 1.90 (1.38, 2.62) <0.001 1.61 (1.17, 2.23) 0.004

Any radiation therapy
No 151 (16%) Reference Reference
Yes 114 (18%) 1.14 (0.89, 1.45) 0.300 0.52 (0.40, 0.67) <0.001

Chemotherapy
None/Unknown 114 (10%) Reference Reference
Yes 151 (35%) 3.81 (2.99, 4.87) <0.001 2.09 (1.59, 2.75) <0.001

Univariate and multivariable analysis—Overall survival, n = 1778
Variable OS Events

(n (%))
Univariate hazard ratio

(95% CI)
Univariate
p-value

Multivariable hazard ratio
(95% CI)

Multivariable
p-value

Age at diagnosis (yr) 267 (15%) 1.06 (1.05, 1.07) <0.001 1.04 (1.03, 1.05) <0.001
BMI

BMI <40 kg/m2 227 (17%) Reference - Reference -
BMI ≥40 kg/m2 40 (9%) 0.51 (0.37, 0.72) <0.001 0.82 (0.58, 1.15) 0.250

Risk group
Low risk 30 (4%) Reference - Reference
High risk 237 (24%) 6.69 (4.58, 9.79) <0.001 5.53 (3.63, 8.41) <0.001

Lymphadenectomy
None/Unknown 110 (14%) Reference - Reference -
Yes 157 (16%) 1.00 (0.78, 1.28) 0.990 0.66 (0.51, 0.85) 0.002

LVSI
No 47 (6%) Reference - Reference -
Yes 73 (21%) 3.67 (2.55, 5.30) <0.001 2.29 (1.57, 3.34) <0.001
Unknown 147 (21%) 2.37 (1.70, 3.31) <0.001 2.07 (1.47, 2.89) <0.001

Any radiation therapy
No 143 (14%) Reference - Reference -
Yes 124 (17%) 1.18 (0.93, 1.50) 0.180 0.61 (0.47, 0.78) <0.001

Chemotherapy
None/Unknown 145 (11%) Reference - Reference -
Yes 122 (24%) 2.25 (1.77, 2.87) <0.001 1.37 (1.04, 1.79) 0.023

Statistics presented as Median (P25, P75), n (column %). p-values and Hazard Ratios: Cox Univariate Wald, Cox Multivariable
Wald. *Not all patients had available recurrence information. PFS: progression free survival; CI: confidence interval; BMI:
body mass index; LVSI: lymphovascular space invasion; OS: overall survival.
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FIGURE 2. Kaplan Meier survival plots in BMI <40 kg/m2 versus ≥40 kg/m2 by risk groups. Comparison of (A)
progression free survival and (B) overall survival between patients with BMI <40 kg/m2 and ≥40 kg/m2, in low risk and high
risk subgroups. PFS: progression free survival; BMI: body mass index; OS: overall survival.

TABLE 4. Propensity-weighted ATT* analysis of survival outcomes for BMI <40 and ≥40 kg/m2.
Survival outcome Hazard ratio (95% CI) p-value
PFS 0.89 (0.60, 1.30) 0.54
OS 0.74 (0.49, 1.12) 0.15
*ATT: Average Effect of the Treatment, or effect from those is in group BMI ≥40 kg/m2. The ATT weights were generated by
propensity model included demographics and treatment variables, then used in the weighted univariate analyses of PFS and OS.
Variables included for the propensity model are showed in Table 1 and Supplementary Table 3 for propensity-weighting Love
Plot. CI: confidence interval; PFS: progression free survival; OS: overall survival.

confounding of underlying comorbidities. While morbidly
obese patients are known to have higher rate of co-morbidities
and thus elevated risk of death due to cardiovascular disease,
we were not able to control for co-morbidities in our study. It
is noted that while our study presents a predominantly white
population, this is similar to GOG (Gynecologic Oncology
Group) studies where less than 30% of patients were non-white
[8]. Yet, this did not alter survival outcomes in morbidly obese
patients in our study. Another hypothesized cause is due to
improved care for patients with obesity related health concerns,
leading to prolonged survival in previously poorly treated
populations. Additionally, these morbidly obese patients are
younger at diagnosis, allowing for longer life expectancy.
Limitations of the study include its retrospective nature of

data collection. Furthermore, data on co-morbidities was not
uniformly available for all patients and was not possible to
be assessed in our study. Lymph node evaluation rate was
lower than expected overall, which could lead to missed occult
advanced stage disease, however, one would expect this to
bias the data to represent worse survival outcomes in the
morbidly obese population that underwent less lymphadenec-
tomy, which we did not see. Additionally, sentinel lymph
node mapping was not yet fully adopted during the study
period from 2005–2015, and technique of lymphadenectomy
was per provider preference, primarily with Mayo criteria
applied for determination of risk with early stage disease [28].
Sentinel lymph node dissection in morbidly obese patients is
now both feasible and widely adopted [29–31], thus rates of
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lymph node dissections may differ compared to our findings.
Strengths of our study include the large population size and
the comprehensive statistical analysis. With propensity score
weighting, a great portion of bias is eliminated while assessing
a more precise treatment affect (Supplementary Table 3). Of
note, while the sample size in this study is large, given the
known excellent survival rates in low risk endometrial cancer
patients, a much larger sample size is needed to find a differ-
ence in survival in this group. Future studies utilizing large
population-based data could further investigate this difference.

5. Conclusions

In summary, we found that morbid obesity is correlated with
improved prognostic factors. When stratifying by LR and HR
disease, only surgical discrepancies in treatment were seen,
with less lymphadenectomy performed in both subgroups with
BMI ≥40 kg/m2. However, survival outcomes remain similar
in morbidly obese and non-morbidly obese patients despite
this discrepancy. Future research is needed to assess the role
of sentinel lymph node mapping in obese patients in relation
to treatment-related outcomes, as well as potential metabolic
pathways and genetic determinants that may play a role in
outcomes for obese patients.
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